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INTRODUCTION 


This paper is one of a series on mining methods and costs being published 
by the Bureau of Mines. It describes briefly the mining methods employed since 
the start of operations in 1937, with emphasis on the diamond-drill blast-hole 
method of ore breaking and slusher-drift method of ore drawing at the Holden 
mine of the Howe Sound Co., Chelan Division, Holden, Wash. | 


The Holden mine is in the north-central part of the Cascade Range, ll 
miles up Railroad Creek from Lake Chelan. The nearest railroad is at Chelan 
Falls, 40 miles by boat and 4 miles by highway from the mine. All freight 
comes into the mine and all concentrates are shipped out via Chelan Falls. 
The altitude of the main haulage level is 3,500 feet. 


- Radlroad Creek Valley is covered with a dense growth of fir and spruce, 
while most of the surrounding mountains are rocky, with sparse timber growth. 
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HISTORY3/ 


Maj. A. B. Rogers, a locating engineer for the Great Northern Railway, 
while searching for a pass over the Cascades, was the first to note that a 
mineralized area existed where the Holden mine now operates. In 1887, he 
came up Lake Chelan to Railroad Creek and ran a grnde line up the valley until 
he came to the Crown Point Falls, a few miles from the crest of the Cascades, 
but found the cliffs too steep for a suitable grade. 


When he returned to Seattle in the fall, Major Rogers told his friends, 
the Denny family, about the large, red oxidized zones he had seen on both 


3/ Curzon, John J., (manager, Howe Sound Co., Holden, Wash.), Changing Mining 


Methods at the Holden Mine: Trans. Am. Inst. Min, and Met. Eng., vol. 
163, 1945, pp. 73-952 | 
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valley walls along Railroad Creek. They grubstaked J. H. Holden to explore 
the area and stake any promising ground. Holden staked the first claims in 
1892 for himself and the Dennys. A. H. Murdock of Chelan, and a partner, W. 
P. Robinson, staked adjacent ground. -These two groups of claims are a large 


eee , 


part of the mining property being worked today. 


Four drifts, none of which ‘hit commercial ore, were run along the miner- 
alized zone by the first prospectors. The Alder tunnel, just above creek , 
level at an altitude of about 3,400 feet, was driven for a distance of 466 
feet in glacial till. The second one, the Robinson tunnel, is about 50 feet 
long, driver ‘in ‘sflicified sedimentary ‘rocks. ' The third, consisting of two. 
short drifts, known as the "Gold Bug", at altitudes of. 4 , 744 and 4,770 feet, 
in Copper Creek Valley, cut sflictfied Yocks containing minor pyrite. The 
fourth drift, on the west slope of Buckskin Mountain at an altitude of 6, 100 
feet, was driven 15 feet in a lens of pyrrhotite. 


W. S. Denny lost control before 1910, when an important decision was 
handed down by the maenineton State Supreme Court. It held that an alleged 
grubstake of 11 years’ standing was not a sufficient basis to claim an inter- 
est in a mining property which had been developed and upon which large sums 
of money had been expended to put into production, and therefore denied 
claims of W. S. Denny, of Seattle, and gave J. H. Holden perfect title. 


During the period between 1892 and 1928, many attempts were made by well- 
known mining companies to bring the property into production. In 1928 the . 
Britannia Mining & Smelting Co. optioned the property, and in 1930 a subsidi- 
ary, the Chelan Copper Mining Co., was formed for exploration purposes. Sev- 
eral drifts were run in the next 2 years; but it was not until March 1937, 
when the Chelan Division of the Howe Sound Co. took over, that active devel- 
opment of the mine was started. During that year, a oopncentrator, docks, tug 
and barges, 11 miles of road, 54 miles of. power line, shop buildings, and 
living accommodations were built. The mill started operating in April 1938. 


GENERAL GEOLOGY 


The Holden mine is in a roof pendant of sedimentary rocks that has been 
subjected to intense metamorvhism. The sediments were folded into very tight 
folds, with accompanying faulting and fracturing across the bedding planes. 
The average strike of the ore zone is N. 24° W., with a dip of 65° to the SwW., 
parallel to the bedding planes of the sediments. To simplify mining lay-outs, 
the coordinates have been arranged to show the strike as east-west and the dip 
south. (Hereafter, all bearings and directions will be referred to in mine 
coordinates. ) | 


The gossan zone crops out across the north face of Copper Peak. In some 
places primary sulfides are found on the surface. The rocks are mainly quartz- 
ite, gneiss, and schists, cut by many granitic dikes ranging in size from the 
major dike 50 to 80 feet wide, down to very small ones of a few inches or less. 
The major dike has a strike of about N. 80° W.-and dips vertically, replacing 


4/ Northwest Mining News, December 1909. 
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the ore body completely for a vertical depth of 100 to 150 feet just below 

the 800 level. The great magnitude of this dike was not known until just. 
before mining operations were begun at that horizon. The numerous minor gran- 
ite dikes cutting the ore body makes it more difficult to get fair samples. 

In mining operations all the dikes within the ore zone are mined. 


The minerals found are quartz, biotite, magnetite, galena, sphalerite, 
chalcopyrite, pyrrhotite, and gold in their order of deposition. Chalcopy- 
rite, sphalerite, and gold are the only commercial minerals. Minor minerals 
are covellite, chalcocite, malachite, native copper, limonite, and pyrolusite, 
but they have no economic importance. Gold is distributed throughout the mine 
following the copper trend roughly. The zinc is generally concentrated along 
the foot wall, which is well-defined, while the hanging wall is determined by 
assay. 


At the east end of the mine, the ore ends abruptly against what may be 
a preore dam fault, striking N. 20° W. and dipping east at a steep angle. It 
is very indistinct; in most places it cannot be found because late granite in- 
trusions have entirely obliterated all evidence of it. Occasional breccia is 
found, but there is no gouge whatsoever. The sediments and the ore have a 
definite drag toward the south all along this fault, and the highest-grade ore 
is found adjacent to it, with a gradual decrease in grade to the west. The 
ratio of the amount of gold to copper also decreases to the west. The ore 
zone at the east end of the mine has a high sulfide content and a low silica 
centent, as compared to the west end; consequently, it is softer and less 
abrasive. This is especially noticeable in drilling the blast holes, as the. 
footage obtained per drilling shift is a little lower and the footage per bit 
is very much lower in ‘the west end. 


The sedimentary | rocks east of the Geniease some of the characteristics 
of those that make up the ore zone but contain no ore. Pyrite is disseminated . 
throughout large areas east of the dam and is also found well within the foot 
wall of the ore Zone. F 


Post-mineral faults are numerous. One miin fault and innumerable small 
ones occur in the west end of the ore zone. The main post-mineral fault is 
normal, strikes N. 32° E., and dips 62° to the SE. The offset is 260 feet 
vertical and 90 fect horizontal, with. the block to the west moving south. The 
numerous small faults have the same movement. Most of the west end is so 
badly cut by faults and granite dikes that it is very difficult to find an 
ore body large enough to have commercial value. 


PHYSICAL CHARACTERISTICS OF ORE AND ENCLOSING ROCKS 


The ore body as first known was 900 feet long, 1,100 feet high, and 30 
to 80 feet wide, dipped 60° to 70°, and extended from the main haulage level 
(1500) to just below the 300 level. The ore and the country rock were of 
nearly uniform hardness and stood well without support. The grade was rather 
low, indicating that fairly large daily tonnages would be necessary to make 
the operation profitable. : 
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With these points in mind, the powder-blast method of ore breaking, com- 
bined with the bulldoze chamber method of ore drawing, were chosen as being 
the most suitable. This method promised high tonnage per man-shift and low 
cost per ton of ore mined. The width of. the ore within this block of ground 
averaged about 60 feet, which was ideal for powder blasting. Widths of less. 
than 35 feet are too narrow for this system. The ore was very hard and dense, 
with very little fracturing or jointing to help the fragmentation to any. 
marked degree, but the tremendous charges of dynamite were expected to crush 

the ore to a size that could be handled by the bulldoze chambers. 


The grizzly operiings were 30 by 60 inches on the upper levels where the 
rock fell 550 feet down a raise to. control chutes, and below this, fell about 
400 feet to a chute on the main haulage, As the mining operation approached 
the main haulage, the grizzly openings were reduced to 24 by 60 inches to 
offset the shorter fall. , | , 


METHODS OF PROSPECTING AND EXPLORATION 


Exploration underground, a ‘combination, of drifting and diamond drilling, 
was carried on along the strike and down the dip of the known ore body. 


On the upper levels, the ore zone was entered from the west ‘end; drifting 
was carried east along the strike. When the known ore zone ended, the explo- 
ration drifts were driven east, with regularly spaced diamond-drill holes both 
north and south. Little, if anything, was known about the dam fault along the 
east end at that time, and on the 700 level the exploration drift was driven 
many hundreds of feet. east in an attempt to find more ore. Again on the 1100 
and 1500 levels, exploration and diamond drilling were carried on east of the 

fault; but by this time, its presence was apparent, as the drag in the ore 
had been noticed, and small, granite-healed breccia had been found. There 
were sedimentary rocks to the east, but they carried no commercial ore and, 
on the 1500 level, were abnormally high in ferromangnesian minerals. 


Before development was started below the main haulage level, exploration 
drifts were driven in the hanging wall parallel to the ore zone and 200 to 
350 feet from it. Jeep holes were then drilled from the exploration crifts. 
Large stations were cut every 200 feet along the strike to handle a 20-foot. 
drill rod, and 3 holes were drilled north from each station toward the foot 
wall at minus 30° to minus 87°. The deepest hole was 875 feet. These holes 
were all surveyed carefully and all tended to cut normal to the structure of 
the sediments. When revealed by lower level development, the holes were 
found to be surprisingly close to their surveyed position. 


METHODS OF SAMPLING AND ESTIMATION OF TONNAGE AND VALUES 


On the upper levels of the mine before much was known about the dip and 
strike or about the granitic dikes cutting the ore, the drifts were run in . 
the ore as much as possible. From these main drifts, grab samples were taken 
from each round before it was mucked and were checked with a chip sample 
across the face. All crosscuts were sampled with a grab from the muck pile 
and a chip along either or both ribs, giving an accurate sample of thnt far- 
ticular section. All powder drifts and crosscuts were sampled in the same 
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way. AS many samples as possible were taken from each block of ground to be 
mined. This greatly facilitated prediction of mill heads. 


Diamond-drill core holes, EXE size, were drilled every 2 to 2- -1/2 chute 
sections, 4O to 50 feet, north and South into the foot and hanging walls. The 
geologist in charge was responsible for seeing that nothing was missed. Oc- 
casional holes were drilled an extra 100 feet in length so as not to miss 
lenses outside the main zone. To check on any questionable area, core holes 
were drilled from a powder drift or an ore pass. The core was logged care- 
fully and filed. Any mineralized core was split - one-half for.a permanent 
record and one-half for assay. Thus any area in question could be checked 
by inspecting or assaying the filed core. 


When it was found how accurately the foot wall of the ore could be pro- 
jected, the development drifts were driven 25 to 40 feet within. the foot wall 
of the ore body, and Horizontal and plus 450 diamond-drill holes were drilled 
south through the ore body into the hanging wall at 50-foot intervals. This 
left quite a blank space between the drilled areas, as the level interval was 
175 feet vertically, but the regularity of the ore values made further drill- 
ing unnecessary except in special cases. 


In laying out the ore outline for any block of ground, the geologist 
works from a composite plan of all levels within and bordering the block, and 
from vertical sections every 50 feet normal to the strike and on the line of 
the drill holes. From the sections, the ore outline is tentatively set with 
quite regular walls. Fach section is calculated separately for total copper 
and gold units, multiplying the footage by the assay for each sample in every 
hole within the boundary set. Weighting of holes within any one section is 
not necessary because of the regularity of the ore body. Each section con- 
trols a block 25 feet wide on each side and is given a weight of 1, while a 
section on either end of the stope, if ending on a section, is given a weight 
of one-half when the final assay is calculated. The weighted sections are 
added to get the final figure of total footage and total copper and gold units. 
The average is obtained by dividing total units by total footage in each case. 
A correction of 10 percent on all block assays is used to take care of over- 
break or sloughing of lower-grade material into the stopes. If the assay ob- 
tained is not high enough, it can be corrected by pulling in the hanging wall 
or cutting out low-grade areas. In outlining the ore to get the proper as- 
Says, the mining method must always be kept in mind, for powder blasting, 
horizontal, or vertical ring drilling have their limitations as to shapes that 
can be mined. It is easier to follow an irregular ore outline with the verti- 
cal ring system than with either of tthe other two. 7 


The tonnage in a block is calculated from the same plans and sections 
used in getting the average assay. The sections are planimetered to find 
their area in square feet, and from this the cubic footage is calculated. As 
a check, the plans at various elevations are planimetered also, and a separate 
cubic foot measurement is obtained. A factor of 10.3 cubic feet per ton is 
used, 
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DEVELOPMENT ABOVE MAIN HAULAGE 


Haulage Level 


The 1500 is the main haulage level, 10 feet by 10 feet in section. It 
served the area above the 1400 as well as the No. 2 shaft for the lower-level 
haulage. As the ground was hard and stood very well, little timbering was 
necessary; but, as mining progressed, the part of the drift paralleling the 
ore body began taking weight. -At present 1,000 to 1,200 feet of drift are 
timbered. 8 


Shaft 


- The No. 1 shaft was a vertical shaft 936 feet long. It had two compart- 
ments and was used for service only. It was driven simultaneously from the 
800 and 1500 levels as a raise, well within the foot wall on the 1500, and at 
the top it was within 75 feet of the ore body. It was completed early in 
1938 and was used until 1945, servicing the 1250, 1100, 800, 700, and 550 
levels. 


Ore Passes 


The main ore passes, 5-1/2 by 11 feet in section, were driven as two - 
compartment timbered raises and were stripped before being uséd as ore passes. 
They were driven from the haulage level to the first grizzly level 900 feet | 
above on 200-foot centers. A main wing and a short wing, 6 by 6 feet in sec- 
tion, were run at plus 52° to plus 55° slope both east and west from the main 
ore passes and made to intersect the grizzly level at a point 15 feet from the 
foot wall and on 40-foot centers. The point of intersection was the position 
for each bulldozing chamber and draw hole to the stope undercut. Thus, one 
main ore pass served five grizzlies, an effective mining length of 200 feet. 


Grizzlies were installed on six separate levels to mine the block of 
ore - an average of 145 feet vertically for’ each grizzly level. While the 
bulldoze chambers and draw holes on the upper levels stood up well and would 
have drawn more ore, those on the 1400 level stood up hardly long enough to 
allow the allotted tonnage to be drawn. 


Service Raises 


Two main service raises supplemented the No. 1 shaft on the lower levels. 
One was a three-compartment (ore, waste, and manway) incline raise at the west 
end and served the 1400 and 1250 levels. The other was a two-compartment in- 
cline raise at the east end, which served the 1400, 1250, and 1100 levels. 
These raises speeded the development of the block by supplying more working 
faces on those levels. Temporary manway and service raises were driven wher- 
ever necessary from the main levels to the powder drifts. In many places, ore 
passes were used for service either before or after having served their in- 
tended purposes. 
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DEVELOPMENT. BELOW MAIN HAULAGE LEVEL 


The development of the lower levels differs from that above the 1500 7 
because of changes in the mining methods. They are: 


1. From powder blasting to diamond-drill blast-hole mining. 

2. ‘From bulldoze chambers to slushers for ore drawing. 

3. .From primary crushing in the mill to underground crushing. 
Shafte 7 


The lower levels are served. by the 283 winze and the No. 2 shaft. The 
winze is a three-compartment shaft, sunk for exploration purposes, and is 75 
feet within the foot wall at a minus 65° slope. The No. 2 shaft has five 
compartments and is vertical and well within the foot wall of the ore. The 
level interval is 175 feet vertically, with every second one a haulage level. 
The first underground crusher was installed on the intermediate level below. 
1775 and served that only. The second installation will serve two haulage . 
levels at one time. 


Development 


On the 1775, the first haulage level below the 1500, the ore passes are 
very short, reaching only a vertical distance of 60 feet to the slusher drift 
(fig. 1). Several are in the form of a Y and serve two slushers back-to-back, 
with the service raise coming up in the foot wall and a service crosscut going 
between the two slushers. The slusher drifts were driven both in the ore and 
in the foot wall; seemingly, those in the foot wall are standing up much bet- 
ter than the others, but this may be because of the more siliceous nature of 
the ground or the spacing of the draw holes on 30-foot centers instead of 20- 
foot. Five ore passes and five service raises serve a mining length of 1,270 
feet, an everage of 250 feet each. In the Noranda type stopes, 7- by 7-foot 
drilling sublevels are run on both the foot and hanging walls and 7- by 1l- 
foot slot crosscuts from foot to hanging wall every 50 to 60 feet vertically 
above the slusher drift to the top of the block. Slot raises are run on the 
hanging wall up the middle of the stope. Service raises are driven at each 
end, well within the foot wall, from the undercut to the intermediate level 
and on up to the top of the block serving each blast hole drift (fig. 1). | 


In the flat hole ring drilling from raises, the raises are located on > 
the foot and hanging wall and are run from the undercut drift to the inter- 
mediate drift level, and from there on up to the next haulage level (fig. 2). 
Service for drilling and loading in the diamond-drill raises is from the top 
down, being from the intermediate level down for the area between the under- 
cut and the intermediate level and from the haulage level down for the area 
between the intermediate and the haulage level. Each drilling raise is 
equipped with its own movable drilling platform run by an air tugger. The — 
development necessary for ventilation is the same for both the horizontal 
and vertical ring drilling - each two slushers require one ventilation raise. 
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No. 1 Shaft 


The No. 1 shaft was designed as a two-compartment shaft, manway, and 
cage, 8 feet 8 inches by 12 feet 6 inches, outside timber. It is used cnly 
for the levels above 1500. As previously stated, it was run as a raise from 
two different levels - the 1500- and 800-foot. Muck was drawn off through a 
chute and trammed to the surface at each level. Timber was 10- by 10-inch 
fir and was carried to within 2 to 4 feet of the face before each blast. Sets 
were on 6-foot centers with cage compartment lagged on the inside with 4-inch 
lagging for a muck chute. A control chute was installed between the 1,500- 
and 1,100-foot levels to shorten the fall of the.muck when drawing. Three - 
inch stopers were used with conventional l-inch hexagonal steel, starting with 
a 2-3/8-inch hole and ending with a 1-5/8-inch hole. Powder used was l- 1/8- 
by 8-inch 40-percent special gelatin. Four miners and a nipper on three. 
shifts could usually set up, drill ovt a 7- foot, fan-cut round of 37 holes, 
timber, and blast in 24 hours » 


283 Winze 


The winze was driven not only for exploration and development, but also 
for ore hoisting if necessary. It was driven at a minus 65° incline, 75 feet 
within the foot wall of the ore body, 6 by 17 feet in rock section, 5 feet 4 
inches by 14 feet 8 inches, outside timber, with two skipways and a manway 
(fig. 3). Timber used was 8- by 8-inch fir, with 2-inch lagging on the hang- 
ing wall and between the manway. and the ore skipway. The posts from the 1775 
level down were 6- by 8-inch spruce. . | 


' Drilling was done from two bars set up from foot to hanging wall near 
each rib. The bars were set at an angle of 25° to the horizontal, or normal 
to the dip. Two C.P. Model 60 hand-cranked machines were mounted on each bar, 
with an extra on hand in case of a break-down. A 46-hole, V-cut round broke 
an average of 4.4 feet per round for 140 rounds. The rock was very hard, 
being a diorite gneiss cut by occasional quartz veins and granite dikes. Con- 
ventional 1-inch hexagonal lug steel was, used, starting with a casing starter 
2-1/2 inches in diameter. After casing was inserted, a 1-3/4-inch bit was 
used, with 1/16- inch changes ending with 1-3/8-inch steel bit. 


Five men were on the bottom at all times, In drilling, one man was 
always on hand as a trouble shooter to help anyone in need of it.. Nine hours 
were required to drill out a round, 12 hours to muck it, and 5 hours to in- 
Stall a MBer: of timber complete with rails. 


The powder that gave best results was a ho- epeecent vlan. using 23.33 
pounds nee Foot or advance, or 5.67 pounds per cubic yard in the solid. 


Ventilation was supplied by a 15-hp. blower. This delivered air through 
16-inch galvanized pipe. Smoke delay was 15 to 30 minutes per round. Water 
was a very minor problem. The flow was only 20 to 30 gallons per minute for 
the first 310 feet, then increased to 80 and 100 gallons per minute. Pumps 
used were 25-hp., rated at 200 gallons per minute at 300-foot head. The 
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Figure 3. - 283 winze timber. 
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sinking hoist was a 40-hp. single drum, with a rope speed of 370 feet per 
minute and a rope pull of 3,550 pounds with: half a:drum of cable. It would 
spool 1,350 feet of 5/8- inch cable. The time consumed , in man*hours, and the 
advance per round, ‘are tabulated below: - 
Percent of total:..;... 


Muck- ne nets 
Drilling eS ing Trae ‘ EE Total 
. a 
Hrs. per round, average 


ce | POT y Tre. im 
Man-hr. per round......| 
Man-hr, per fodt< ess ses 
POUR TOOARG is £4 sdenws 
Beet Ver YOUNG 655604460 


No. 2 Shaft (Raising) 


The No. 2 shaft has five compartments; is 12 feet 6 inches by 18 feet © 
10 inches, outside timber; and serves the area below the 1500 level, A two- 
compartment pilot raise, 6 by 8 feet in section, was driven from the 1600 to 
the 1500 level to supply a breaking face for diamond-drill holes to slab out 
the full size of the shaft. The raise was stripped, and diamond-drill holes 
were drilled from the top down, the longest holes being 70 feet. These holes 
were loaded from the top, the bottom 8 to 30 feet was loaded on all the holes, 
which were shot as a round (fig. 4). The broken rock was mucked from the 1600 
level and trammed to the winze. Between the 1600 and 1775 levels, where the 
distance was too great for one lift, two intermediate stations were cut from 
the pilot raises, reducing the length of holes drilled to about 55 feet. The : 
blasting procedure was the same as the first. Below the 1/775 level, a little 
different scheme was tried. Instead of cutting the stations from the pilot 
raise, the idea was to drill out and blast the first 60 feet bélow the 1950, 
then timber down to the bottom, then cut e little clearance around ‘all four 
sides of the shaft for the drills, and drill enothecr 60 feet and so on down 
to the bottom. The first 60-foot lift went well, with only about 3 feet of 
bootleg around the outside; but the holes along one rib did wander a little, . 
making it necessary to slab a few feet off of bhe south rib the last 20 feet. 
as the timber was carried down. Instead of drilling out the next two lifts 
with diamond drills as planned, percussion drills were used just ahead of 
the timbering. 


—— 


No. 2 Shaft (Sinking) 


The sinking operation as carried on now is conducted so as to be com- 
pletely free of the operating section above. All service comes to the 2,125- 
foot level by way of 283 winze. Mucking and service down from the 2,125-foot’ 
level are through the center compartment, which is bulkheaded off 80 feet 
above the level. The muck is hoisted to the 2125, dumped into a 3-ton car, 
trammed 4O feet, dumped into a pocket; and hoisted by the regular ore skips - 
from the operating part of the shaft (fig. 5). 4 
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A crew consists of seven men; five miners on the bottom, a topman, and — 
a hoistman. A bench round of 40 holes is used, half of the shaft being 
drilled out and blasted each round. This leaves the muck piled high on the 
opposite side of the shaft, so that a big percentage of the muck can be 
scraped directly into .the bucket when it is laid on its side. With this type. 
of round, the drilling and loading face is free of water. The bench is easy 
to clean off, and there is always a sizable sump without any special effort, 
as one side of the shaft is always 2 to 3 feet lower than the opposite. A 
complete cycle takes 26 hours. Including all lost time, 3 hours are required 
to drill and load a round, 14 hours to muck it, and 9 hours to timber it. A 
mucking rate of 12.3 tons per man-shift is about average. Hand-held anvil 
block machines, weighing 95 pounds, are used with quarter-octogon steel and 
detachable bits. The timber is 10- by 10-inch fir with 2- by 10-inch fir 
lagging (fig. 6). Currently, the timber is being treated with copper naph- 
thenate to prevent dry rot or fungus oe Timber is carried a maximum of 
18 to 25 feet from the face. | RS ee on | 


Main Haulage Drift 


Main haulage levels are 9 by 10 feet, with a 0.5-percent grade in favor 
of the load. Timbering is required part of the time - 9-foot sets of round 
fir with 3- by 10-inch lagging are used when necessary. 


In driving the drift, a crew of three men is used on all shifts.’ Three 
3-1/2-inch automatic leyners on a jumbo are used to drill out and blast 40 
seven-foot holes an 8-hour shift. An average of 93 feet is drilled per man. 
Mucking is done by an overhead-type machine, mucking into 3-ton Granby-type 
cars. The ore train is pulled by a 3-ton trolley locomotive. One man is on — 
the motor, one mucking, and one barring down the face and helping the mucker- 
operator. Permanent track, ditch and pipe are carried along as the drift is 
driven. Each crew is capable of either mining, mucking or timbering. 


Blast-Hole Drifts Tb 


A mining crew usually consists of two men, using 3-1/2-inch automatic 
leyners on an airplane set-up (an upright bar with _long universal arm). This 
crew will set up, drill out, and blast a 7-foot, 26- to 32-hole round ina 
shift. The break will vary from 5 to 6-1/2 feet, depending on the ability 
of the particular miner and the nature of the ground. One mucker with a 
mucking machine and l-ton cars can easily muck out a round a shift. Only on 
very long (200- to 300-foot) trams is a battery trammer used. The floors of 
all these 7 by 7 drifts are cleaned to the solid and barred down when the 
drifts are all complete. This is necessary so that, in drilling, the holes 
do not have to be cased. 


Drifts and Crosscuts (5 by 7 
One man with a 3-inch automatic or hand-cranked machine will set up, 


drill out, and blast a 5-foot, 19-hole round in one shift. Mucking may be 
done either by mucking machine or by hand into 1-ton cars, 


2146 | -12- 


Google 


"saqui} WeYs Z “ON - *9 B4NnbIy 


oogle 


C 


I.C. TH48 


Raises 


As an 8- by 8-foot raise is too large to drive full size with safety, 
the usual procedure is to drive a 5-“by G-foot raise, which is sideswiped 
later to full size. A 5- by 8-fPoot raise crew is usually two miners who do 
all their own nipping. No timbering is used in driving the raise. An iron- 
rung ladder is hung on the foot wall on one side, leaving space for the skip 
on the opposite side. An air tugger operates the skip, which is mounted on 
runners so that it can go up and down the raise on the rock. The drilling 
Platform is made of 2- by 10-inch fir lagging supported by two sprags from 
foot to hanging wall near each rib. A two-man crewcan set up, drill out, and 
blast a 7-foot, 22-hole round in an 8-hour shift. When the raise is com- 
pleted, it is enlarged to 8- by 8-foot size by one of three methods: 


1. Slabbing with a stoper from a movable platform. 


2, Slabbing with three diamond-drill holes in the hanging wall of 
the rasie. | | 


3. Slabbing with a drifter, using down holes. 


Raises 5 by 9 feet, or 5-1/2 by 11 feet have the same size crew, but a 
little longer time is required to drill out the latter, as three extra holes 
are required. | 


MINING (BREAKING) 
Powler-Blast Method 


Undercutting a block of ground was started by driving a draw hole 5 by 
6 feet in section due north at a plus 40° angle from the bulldoze chamber to 
intersect the foot wall of the ore. Next, east and west wings were driven 
on the foot wall at plus 40° to intersection, and south wings were driven at 
plus 40° to intersect the hanging wall. When the wings were completed, the 
ore body was undercut from wall to wall by stopers and drifters to forma 
cone above each draw point. If the undercut was extremely wide, temporary 
Pillars were left at the hogsback between the cones. These pillars were 
Shot just before the undercutting was completed. Service was maintained 
through the draw hole and wings to the east or west of the area being under- 
cut. These undercuts were necessarily large because they had to accommodate 
the total muck of the first powder blast immediately above. -This blast might 
have a burden of 20 to 25 feet or more. 


Coincident with the undercutting operations, drifts, crosscuts, and 
pockets were being driven above the undercut for ore-breaking by powder - 
blasting. The burden on any blast could not be more than two-thirds the 
width of the undercut beneath and in no case could exceed 35 feet. The pow- 
der drifts were 4 by 6 fcet in section and usually were in the center of the 
ore. Short crosscuts of the same size were driven to the foot and hanging 
walls, where 3- by 4-foot pockets were driven along the walls. Accurate maps 
of all work done were needed so that when the powder load was calculated, the 
burden and position of all pockets were.known. Calculations for each pocket 
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in a blast were made separately by two or three members of the staff and | 

checked by the manager. The proper load was then decided upon. The average 
load to the end of 1945 was 0.89 pound of powder per ton of rock. The Bri- 

tannia method of calculation, which was the minimum for the Holden ground, — 
was one case per foot of burden up to 30 feet and two cases per foot over 30 
feet. Some shots would have a powder factor as low as 0.5 and otherg above 
1.0, ; | | } ie : , 


A ho- -percent semigelatin in jared bags was primed by one-third case of 
60-percent N.G. dynamite, with two No. 6 electric blasting caps wired. in.. 
series. The powder was removed from the boxes and packed well into the 
pocket, with the primer in the center. Each pocket was back-filled with muck 
for the Pull length of the pocket and well: into the crosscuts. The blasts 
were always shot from outside the mine. The last powder blast was shot on 
April 22, 1945. This brought the total to 240 shots which used 60,182 cases 
of explosive and produced 3,371,701 tons of broken ore. The primary powder 
factor was 0.892. The over-all powder factor per ton of ore drawn from stopes 
to the end of 194k was 0.76 pound per ton. 


Secondary blasting on the grizzlies was done by plugging all boulders 
that could safely be reached. The hang-ups were bombed only when washing 
or raking could not bring them down. Ventilation was a big problem; conse- 
quently, blasting was kept to a minimum. Secondary blasting has amounted 
to 0.31 pound per ton, totaling 1.07 pounds per ton produced. | 


The powder-blast method of mining had its disadvantages in that it 
shattered the walls, causing dilution. Furthermore, large blasts caused 
damage many feet away in the permanent workings. The large quantities. of | 
powder underground just before a blast were a definite hazard. Working 
quarters were very cramped for the men, both in driving and back-filling the 
3- by 4-foot powder pockets. All of these reasons contributed somewhat to 
the change-over to Soe blast holes for ore breaking. Se . katie 


eae DRILL BLAST -HOLE MINING 7 
The two variations of diamond - drill blast-hole asthoas: to be aeaataesea 


are (1) the Noranda, or vertical ring drilling from drifts, and (2) the flat- 
hole systen, or horizontal ring drilling from raises. 


Noranda or Verticat-Ring Dri} ing (.-3/16- inch Hole): 


The Noranda system of drilling vertical rings from both foot- aad hang - 
ing-wall drifts was tried after several unsuccessful attempts at other sys- 
tems. It was more successful than anything attempted, but further experi- 
mental work was done to compare it with the Aldermac system of drilling 
parallel holes froma bench. The disadvantages found in the latter were: 

1. The added expense of cutting a slot. 

2. The danger of working too near the stope. 

3. Intermittent drilling and bench cutting. 
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4, Separate set-ups for each hole drilled. 


The Aldermac system was not used after this experimental stove was com- 
eee | ao 


The Noranda stopes in operation at the present time are the 247, 257, 
and 310. In preparation for the undercut, the draw holes are driven 5 by 6 
feet at plus 40° on 30-foot centers out of the slusher drift, which may be 
in the foot wall'‘or. in the ore. East and west wings are driven on the foot 
wall at’ plus 40° to- intersect. A percussion-drill undercut 6 to 7 feet high 
and-15-to 18 féet wide is excavated throughout the full length of the stope 
after the intersection of the wings (figs. 1 and 7). A 6-foot percussion- 
drill slot is cut from the top of the machine undercut to the level of the 
undercut drifts ‘and extends from the foot to the hanging wall. While the 
percussion drf1ll undercut and slot is being cut, diamond drilling is started 
in the undercut drifts, so that there will be Sone completed rings. ready to 
blast when necessary. In that way, the drills can be operating at a safe. 
distance’ from the loading and blasting. | +7 


‘Gndereite 


Ringe of holes drilled from the blast-hole drifts are laid out at right 
angles to the average strike of the ore at the elevation of the percussion- 
drill undercut and the undercut drifts themselves. This is important so as 
hot to get an acute -angle break on one wall and an obtuse break on.the other. 
The burden on each ring of holes can be varied from 4 to 5 feet, but the av- 
erage tons broken per foot of hole is 1.8 and may go as high:as.2.0. Relievers 
are drilled on both the foot- and hanging-wall drifts along the wall and half- 
way between the rings to break the walls clean and prevent bootlegs (figs. 7, 
8, and 9). The foot-wall rock is harder and more difficult to break; conse- 
quently, it is Pavored somewhat in laying out the pattern on which the holes 
are to be drilled. . 


When blasting the re drilled from the undercut drift. or the first 
sublevel above, the face must be clear of all broken muck, as the burden on 
the ring of holes to be blasted is so near to the maximim that it will. not 
break if the burden of the broken muck is added. 


Slots 


The diamond-drill slots are the tightest work done in stoping; only 0.8 
ton per foot of hole drilled is obtained in an 8-foot slot. Burdens of 3. . 
and 3-1/2 feet are used with three or four ‘holes per row. Great .care must — 

be used in lining up the holes in a slot, as being off-line by even 1. foot 
at the bottom may mean that the hole will bootleg. All holes must be. holed 
through into the crosscuts below and loaded their full length to break well. 
All holes are shot with instantaneous caps (see fig. 1 for plan and section 
of slots). er. 


Stopes 


In the 310 stope, the blast-hole drifts are so laid out that the stope 
can be mined in the form of a rill. Each sublevel blast-hole drift is = a unit 
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in itself and can be shot separately or as a full face from top to bottom. 
This has a decided advantage, as it permits greater flexibility for spreading 
the ore over more draw points. Another advantage is that more broken tonnage 
can be kept in the stope after the first lift above the undercut has retreated 
for some distance. However, the ground caves considérably under each unsup- 
ported back. This results in large boulders, which have not been shattered 
by blasting. In figure 1, S-N section allows for no flexibility in blasting. 
The whole face must be blasted at once. (See fig. 10 for lay-out of present 
310 stope, which is ideal in that each set of foot and hanging drifts can be 
shot separately. ) | 


In the 257 stope, holes are drilled both up and down from the first foot- 
and hanging-wall blast-hole drift above the undercut, making it necessary for 
the whole face to be shot at once. The muck from the blast piles up high 
against the face of the stope; and here again, as in the undercut, the muck 
must be drawn down from in front of the foot-wall holes before the next ring 
can be shot. This limits the broken-ore reserve in the stopes to practically 
nothing for the full life of the stope. 


If the blast holes are drilled too far in advance of blasting, the holes 
tend to cut off in either the first 10 feet from the collar, or near the stope 
back. ‘The movement of blocks of ground along fractures offsets the hole some- 
times as much as one-half to three-fourths the diameter. If the hole is off- 
set enough so that 7/8-inch loading sticks will not go down the holes, reaming 
is necessary. Holes will stand 6 to 8 months in most of the stopes, depending 
on local conditions, but beyond that there is great danger of losing the hole. 
Drilled-out footage should be kept at a maximum of 4 to 6 months ahead to 
avoid this trouble. 


The same general pattern is used in all Noranda stopes to get a tonnage 
factor of 4 tons per foot of hole. A 6-foot burden with a reliever on the 
foot wall is standard practice. Holes are closer together on the foot and 
the hanging wall, with the widest spacings in the middle of the stope (fig. 11). 


Loading 


Holes are loaded with 1-1/8- by 12-inch 80-percent gelatin powder, primed 
with No. 8 E. B. caps with 12-foot lead wires. As many holes as possible are 
loaded with instantaneous caps to keep from cutting off the powder train in a 
delayed hole, which invariably happens when delays are used. The only place 
where delays are used is in the ring hole directly behind the reliever. Prim- 
ers are placed 10 feet from the collar of the hole, and the hole is loaded 
with powder up to within 2 to 7 feet of the collar, where the holes are close 
together. Loading sticks are 1 inch in diameter and 6 feet in length and are 
equipped with a lock-hook copper connection. | 


Normally a good loader can load an average of 200 to 300 feet per shift. 
Under very good conditions he can load very nearly double that amount. The 
powder is so near the size of the hole that tamping often does not greatly 
increase the amount of powder loaded. Thirteen 1-1/8- by 12-inch "redi-split" 
cartridges can be tamped at once to fill 12 feet of hole. This quantity fills 
96 percent of the calculated volume of the hole. Slitting the paper cartridges 
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rh Wo. 4 Blost-Hole Drift 


AX RING (143) 

8 FT. BURDEN 

815 FT. HOLE 

8194 TONS 10.05 TONS / FT. 
0.13 LB / TON. ¥ 

% EXPECTED POWDER FACTOR 

NOTE — NO RELIEVERS 


TYPICAL BH (1+) RING 

6 FT. BURDEN 

585 FT. HOLE 

2340 TONS 4 TONS / FT. 

(ONE YEAR AVERAGE) 0.12 LB. POWDER / TON 
NOTE — RELIEVERS ON FOOTWALL 


SCALE IN FEET 


Figure 10. = Typical rings, 1775 level, 310 stope. 


Google 


"9d0{s L2hZ ‘1OA2] GZZ1 “66 pue BG Sbuly - “|| a4nBIy4 


1334 NI 3J1V96 


i) 03 


CINIW JG OL GNNOYD SO NIOVE FHL 


Ni Ld FIOVINVH Y ONY ISIVY IWAYFTS VSO ISNVIIG LINDISSIC FUOW FIOVW SVM ININVIHE 


NOL/ “81 SZI0 


Y30MOd “81 0S 


‘L3/SNOL S'9 SNOL 9952 
(NIE i-xv) 310H ‘14 H6E 
N30NNE 13 2 

66 ONIY 


/10m 400} of pepoo] ¢ e/oH 


~ 


10m 4oos B 


//0m {00j 


Bg 1/0" Bulbul 8/ ‘ON 


NOL/ ‘87 S8I'0 u30MO0d °87 00S 
"Ld/SNOL 29 SNOL 1692 
(NIGI-xV) 370H 13 10% 

N30NNE 13 2 


86 ONIY 


Of paepooj § s/0H 


10m {00/ 81 'ON eal fiom Busibuoy 


oogle 


C 


"uo1}0aS pue uejd fadojs /HZ ‘9A, GZZ] - “Z| aanBbi4 


4333 NI 371V9S 


3dOLS Log — 1SA31 SLL NV Id 
vouoaa/z SEE 40 jjombulbuoH_, — a eh ak = 


Ov 02 0 02 
NW 00S 6/1 
9S 
S 
S 
8SI'0-NOL Y3d Y30MOd SONNOd fi. 
S£9-Y3I0MOd SONNOd 
8 - LOO4 Y3dSNOL sais Bees 
00S - 0371140 370H 1334 Sp tila. seg | 
O00’ -N3NONS SNOL 
S3HONI 77! -3ZIS 370H atid 
1334 2-N30YNNS EEA rah 
-—————} awe 3 4g/4P jjom-1004 
ONIY WWSIOI ‘. \ 
26 IN/H | § NOIWIIS IM 
Susp 9/04 180/18 21 B11 ON, 
A9/F OOS El 
S 
9 sien: 
9 i 1 
1 
. / y ae 
PH, 
/ 
cy 
“Wp PE FOO, SB RIOT 
yom4o0s%) |i Wisp jjombusbuopy SUID’ ¥ 9/04 -480/8 BI ON|/E 
eh a . yy ; A 
/ 02/018$'\ + 
/@AIT OOR/ 


UOs{OAB/ 7 


» Google 


‘adoys 08Z ‘0! Guly - ‘e) eunbiy 


"P8P0O} 8q JOU PINOD PUD JjO IND 819M 410 |dOjS YJ OJU! PSADD 4Ou, SBjIOH 


GOG> Se PE GOe RO ee ee - " * £003 7 SNOL 
6010 = tt ero? NOL/ Y30MOd SONNOd 
ess2z °° GaP es "y30M0d SONNOd 
%9802 ~° °° 5 0 Ut oe “Q31SV18 LON % 
Loli” % O31LSV18 LON 1334 
ISiSp~ ot BE” | Q31sv1e8 1334 
eszesS "= = tt BITE gated 1334 
gsizzoz2 °° LSI N3NOUS SNOL 
(SONIY G2) 3d01S 082 Ol ONIN-3d01S O82 
9 N3AQYNE alps NOILVAIS13 Ol ONIX 


N OOSE/ 


Google 


C. 7448. 


with a knife before tamping actually decreased the amount. of powder that can 
be tamped into a hole, whether tamped after each stick or after every 10 
sticks. 


AX Blast Holes (1-15/16-Inch) 


A small experimental stope, using AX holes. (1-15/15-inch) for ore break- 
ing, seems to have some advantages over the 1-3/16~inch size in that: 


1. The direct cost (drilling and loading) per ee of ore broken 
can be kept the same by doubling the tons broken per foot of 
hole. 


2. The primary a factor can be increased by 40 percent to 
help fragmentation with only the added cost of powder. 


3. Relievers are not necessary with burdens up to 8 feet, 
further aiding fragmentation. 


4, The powder factor can be kept the same as with the smallér 
holes; and the tons broken per foot can be increased so as 
to materially reduce the primary breaking cost. (See figs. 
10, 11, and 12 for typical patterns of AX holes.) 


The Noranda stopes are very safe for the drillers and loaders working in 
them, as all work is confined to the 7- by 7-foot drifts. No one is ever re- 
quired or allowed to go into the open stopes. Loading is carried one ring 
ahead at all times, so loaders are always working at a minimum of 6 feet from 
the open stopes. Safety stulls are kept at all blasting faces to prevent any- 
one from falling or walking into the open stope. The trend is toward electric 
machines for blast-hole work, but it is very important to take every precau- 
tion to guard against stray currents where drilling and blasting are in close 
proximity. Electric machines tend to be very heavy and awkward for the horse- 
power produced and not nearly as flexible as air machines to date. -_ 


Horizontal-Ring Drilling (1-3/16-Inch Hole) 


The 280 stope was run aS a flat-hole stope for its full length from the 
undercut up to the 1600 level. Horizontal holes were drilled from four foot- 
wall and three hanging-wall raises with 6-foot burden and a reliever hole 3 
feet below each foot-wall ring. The hanging wall was only slightly favored 
with close spacing of holes (fig. 13). 


All drilling was done on a horizontal bar set up on a movablé platform 
and was completed to the 1600 level, a vertical distance of 80 feet, before 
any blasting was done. From the 1600 to the 1500 levels, only the west half 
was mined from two foot-wall and two hanging-wall raises in the same manner . 
as the lower portion. Loading and blasting procedure was nearly the same as 
in the Noranda stopes - all holes except the foot-wall ring hole were primed 
with instantaneous electric caps. A ring of holes was loaded just before it 
was to be blasted to keep to a minimum the quantity of powder that would fall 
Into the stope when the back caved. 
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Advantages of this system are: 
1. No slot is required. 
2. Broken ore is over all draw holes at all times. 
3. Tonnage broken in stopes can be kept at a maximun. 
Disadvantages are: 


1. There is excessive arching after each shot, losing drilled- 
out footage up to 25 percent. 

2. Drilling and loading are intermittent, unless drilling is 
carried far ahead. | 

3. There is some danger working in raises: even with 
protective bulkheads and movable platforms. 


Drilling 


All drilling and loading are contracted. The 1-3/15-inch holes are 
drilled with plug bits and the 1-15/16-inch holes with thin-wall core bits, 
using both compressed-air and electric machines. Footage per machine-shift 
on 1-3/16-inch hole is about 40; footage per man-shift is 25, including the 
shift bosses but not the foreman. The average for the AX hole is 25 feet 
per machine-shift. . . " 


The diamond-drill engineer is responsible for laying out the pattern of 
the. holes in the ring and marking all rings underground. Work sheets are made 
for the drillers; these sheets give all required data for drilling each ring, 
including length, bearing, and dip of each hole. Similar sheets are made for 
loading; these give length, delay, and powder to be used. -A drilling and 
loading sheet is kept for each ring as.a part of a permanent record. . 


ORE DRAWING 


Slusher Mucking Equipment 


All slusher hoists are 50-hp. double-drum units. Six of them have a 
6,600-pound rope pull at a speed of 250 feet per minute on the main line and 
333 feet per minute on the haul back. Two units have a rope pull of 7,200 
pounds with 225 feet per minute rope araee ct One main line and haul back. 


The buckets in use are the hoe type, weighing sneer mately 3; me ‘pounds 
The cable is seven-eighths inch. 


The most. commonly used solves is a double "Molly Hogan", which forms a 
square knot in the cable. It is very rapid and.can be made by the least ex- 
perienced operator. The main block is 18 inches in diameter, ‘and the idler 
blocks are 8 inches in diameter; each has a large throat to accommoda te the 
large splice. : 
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Secondary Breaking 


The ore breaks large and hangs up in the draw holes, requiring large 
bombs to bring it down into the slusher drifts. Any rocks too large to go 
through the 24- by 6-inch grizzly openings are plastered before being scraped 
to the grizzly. The operator is allowed only three shots at one time. The 
smoke delay ranges from 1 to 5 minutes. The powder used is 40 percent gela- 
tin, 2- by 8-inch sticks. These sticks make up very easily into plasters. 
The primers are made with No. 6 manasite caps with 3- and 6-foot fuses. No 
attempt is made to control the draw, except when it is urgent to clear the 
mick away from in front of the blasting face so that another ring of holes 
can be blasted. At any other time, the nearest draw hole, or the one that 
runs the best, is usually drawn. For safety reasons, three shots at one 
time are the maximum allowed. 


Secondary breaking in the slusher drifts can be improved when more man- 
power becomes available. It has been abnornally high during the war years, 
because the requirements for a high tonnage per man unit limited the number 
of slusher units that could be put into operation. It would have been im- 
possible to maintain the tonnage desired if all the oversize rocks had to be 
plugged. Plastering was the only possibility at the time. Now shaped charges 
may partly solve the problem, although no work with shaped charges has been 
done here. For 1945, with six units in operation most of the time, an average 
of 158 tons per man-shift was obtained with one man on each unit. If more 
units can be brought into production in the future, there will be a smaller 
demand on each slushing unit, and more plugging can be done. This should 
result in a lower cost per ton drawn. The best results might show a slightly 
higher labor cost, with a large cut in powder consumption. Using pluggers 
for secondary drilling and blasting of the blast hole muck is very dangerous 
now because of the possibility of powder in the muck that sloughs off the 
back below a loaded portion of the stope. This danger may be eliminated in 
the future so that plugging may again be used. 


For the year 1945, the primary powder usage in blast-hole stopes was 0.19 
pound per ton and secondary 1.01 pounds - a total of 1.20 pounds, as compared 
with the over-all average of 1.07 pounds for powder blasting to date. 


Slusher-Drift Repair 


The quantity of ore that can be drawn from a draw hole varies somewhat 
with the type of rock and the spacing of the draw holes. Where the slusher 
drift is in the ore and the draw holes are on 20-foot centers, the draw holes 
needed repair after 30,000 to 40,000 tons had passed through them (figs. 8 
and 14). In another stope where the slusher drift is in the foot wall and 
the draw holes are on 30-foot centers, 90,000 tons have been drawn through 
one draw hole, and it is still in good condition (fie. 7). When the draw 
holes become too large the unit is shut down, and the drift and collars of 
the draw holes are repaired with reinforced concrete. No data are available 
as to how long a repaired drift will stand up. Concreting has just been 
Started during the past year. 


21k6 a fo ae 


Google 


T.C. 7Hh8 
UNDERGROUND HAULAGE 
Chutes 


A standard chute that will handle large volumes of coarse muck has been 
developed. The chute is of heavy timber construction, with l-inch mild-steel 
bottom liners, which will last the life of the chute. Each chute has two air 
cylinders - a to operate the undercut arc gate and the other to operate the 
four 1,600-pound fingers. This gives the chute puller very close control on 
the draw. A spill guard, hinged on either side of the chute, rests on the arc 
gate; and, as the gate is lowered, the guard drops down to the top of the side 
of the car opposite the chute. This arrangement peas excessive spill, 
(fig. 15). 


Haulage, Dumps, and Pockets 


1500 Level 1775 Levet 
Locomotive type Trolley Trolley 
Weight . 13-ton  8-ton 
Voltage 250 volts D. C. 250 volts D. C. 
Track gage _ 30-inch | 30-inch 
Rail. _ 60-pound — 4o-pound 
No. cars to train 10 12 . 
Cubic feet capacity 170 | o) 
Tons per car 7.5-7.8 —3.0-3.3 
Length of haul 2,965! 640'-1,920' 
Tons per hour 140 | 190 


The smaller cars are used on the lower level for two reasons: 
1. Smaller haulage level. 


2. Cars can be put on the cage and hauled up the shaft and 
outside for repair, while the large 7-ton cars have to 
be repaired underground. 


The underground dumping ramp for the 3-ton cars was fabricated in the 
shop in three sections, taken underground and erected. Its main advantage is 
that the few moving parts. on it cause little wear. It is operated by a sole- 
noid switch which causes it to move into position just before the train goes 
through to dump and then move back out of position before the train goes back 
through empty. An ojil-retarding cylinder lowers the speed of movement of the 
ramp, thus PeGaceHe the shock. 


The ore meckce above the crusher has a 1,500-ton capacity. It was en- 
larged from a 5- by &-foot raise by diamond-drill blast holes. This was done 
during the time when the labor shortage was most critical. It did save a 
great deal of manpower and was quite reasonable in cost. A tonnage factor of 
0.59 ton per foot of hole was obtained (fig. 16). | 
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Figure 16. - No. 2 shaft hoist room, crusher and skip pockets. 
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HOISTING 


From the coarse -ore pocket, the ore is crushed to minus 6 anewed: by a 
36- by 48-inch jaw crusher. It then falls into an 1,100-ton ore pocket and 
thence into the chutes in the No. 2 shaft. The. ore is hoisted by two 4-ton 
skips, hoisting’ in balance at the rate of 185 tons per hour. The pocket on 
the 1500 level holds 4,500 tons of ore, which gives a total underground stor- 
age of 4,100 tons in the No. 2 shaft pockets alone, plus an additional 600 
tons in the short raises directly below the slusher drifts. The ore hoist is 
a double-drum hoist, powered by a 600-hp. motor with Lilly controller. It 
has a recorder which shows the position of the skip at all times during the © 
day and is also very convenient for count. Rope is 6 by 19 best plow steel 
lang-lay, 1-1/8-inch diameter. ; 


PERCENTAGE OF EXTRACTION 


In the first years’ of operation, the ore bodies as laia out were calcu- 
lated as to tonnage and grade, no allowance being made for dilution of low- 
grade material or waste. As the mining of the blocks progressed, it became 
apparent that a greater tonnage was being drawn than had been broken. The 
hanging wall did slough to a great extent, varying with the size of the stope. 
As it was an assay hanging wall, the dilution was not waste, but low-grade 
millable ore, with no mining cost charged to it - only ore drawing, hauling, 
and milling. When a block was completely mined, it was found that the tonnage 
was greater, the average assay was lower, and the total copper and gold units 
recovered were higher than was originally calculated. This dilution has av- 
eraged 13.6 percent of the total tons drawn to date. 


‘In later years, when a block of ore has been calculated, the grade has 
been corrected downward by 10 percent, as described under Methods of Sampling 
and Estimation of Tonnage and Values, but the expected tonnage is unchanged. 


Less dilution is expected with the diamond-drill blast-hole systém be- 
cause of the relatively light blasting along the walls. In one stope that 
was completely mined by this method, the overbreak was nil; but it is expected 
that, when larger stopes are opened, there will be some slough. The 257 stope 
{s sloughing somewhat already, after ona 39 percent of the expected tonnage 
has been blasted. 


At greater depth, more care will be necessary in mine planning to take 
care of such problems as pillars for support, filling of mined areas, and 
Other related problems. 


WAGE AND BONUS SYSTEMS 


The bonus system was first used in 1937, 1938, and up until July 1, 1939, 
when it was discontinued. However, in August. 1942, it was again necessary to 
Start the bonus system, as the manpower shortage would not allow operations to 
continue on the day's pay basis. The bonus prices were first tried on the de- 
velopment headings. These were based on current costs, which enabled a good 
miner or mucker to make a bonus above day's pay, according to his ability. 

It was immediately successful, and the plan was expanded to include all 
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volume work measured in cubic feet, timbering measured by the linear foot or 
set, and ore drawing and ore hauling measured by the ton drawn and delivered 
to the mill. The men benefitted by the extra earnings, and the company bene- 
fitted by keeping the operation going at a time when it was impossible to 
compete with the high wages in the war industries. At the same time the costs 
bata = at a normal level. (See fig. 17 for average effective mine crew, 
1941-45 


The bonus prices on all underground work-driving drifts and raises, tim- 
bering, ore drawing, and ore hauling - were calculated by the mine superin- 
tendent, foreman, and production bonus engineer, basing the calculations on 
normal operations. All headings are a standard price wherever possible, with 
variations based on length of tram, service, and mucking equipment to be used. 
The prices are the same in ore or waste. 


When a miner is given a heading on bonus, the mine foreman makes out a 
bonus memo in triplicate - he keeps one, and sends one each to the timekeeper 
and to the production bonus engineer. The miner is informed of the price to 
be paid, the number of men on. the bonus, specifications as to size of heading, 
. and service provided. The engineer measures the footage advance after each 
week, and the timekeeper keeps time on a special bonus time sheet for each. 
headine in the mine. The weekly advance and price are put on each bonus sheet 
at the end of the week and checked by the mine superintendent. ‘The miner re- 
ceives a copy showing his footage advance, price, base pay, base bonus, and 
bonus overtime for the week.. All slusher-drift repair, concrete bulkheads, | 
ventilation doors, and track and pipe salvage are put on bonus. | 


For 1945, an average of 43.2 percent of the underground crew was on bonus. 
VENTILATION - NATURAL AND MECHANICAL 


It is very important that ventilation be good in order to get the high 
tonnage in the slusher drifts where sucha great amount of blasting is re- 
quired. ‘The smoke delay must be at a minimum, so that slushing can be started 
as soon after a blast as possible. 


A fan of 110,000 c.f.m. capacity at 9-inch water pressure. aigeharees air 
from the exhaust ayeten at the west end of the mine. A booster fan of 50,000 
cubic feet capacity at 2-inch water pressure is near the east.end of the main 
haulage level at the top of the downcast ventilation raise system to the lower 
levels. The booster fan was necessary to equalize the volume of air to each 
slusher unit. Otherwise the stopes nearest the exhaust fan tends to draw more 
than their allotted volume of air. The minimum volume that each slushing unit 
should have is 10,000 cubic feet of free air per minute. 


The source of the fresh air changes with the seasons. In the summer 
months, the greater part of the air is drawn through the 1500 haulage level 
and from the ventilation raises from the upperworkings at the east end of the 
mine. During the winter months, the 1500 haulage level is blocked off by 
double doors to prevent the level from freezing. Then all the air comes from 
the 550 and 800 levels through the old stopes and ventilation raises. This 


2146 - 22 


Google 


TAT TTT rT BT VT ANT) 
BECOSHGRN: CHRKCCENEANEED 
Se ee oe 
titel la ieee LNT. 
BREE SO REAP AT ARABS ERE 
Ta sist NISL TT TS). 
BANU ABEEE CAD EAL 
STU TAT T spade tT cit 
Eas 
TPT INTER TTT 
PREECE” 
PRT rT Per, 
TIA TT TIN EEE ET 
CPT 
PUTT Ts TTA 
PMD FATE TEV 
CTT TPT VT 
TATE EVT TTT 
VITA 
/ ATT. 
f 
: 


tty 
neue 
tA 
EL 


“yuu 


z 
7 ae 
| ee 
‘ aF 
Ld itl 


Google 


- Average effective mine crew, I941—-45. 


Figure |7. 
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makes positive control more difficult in the winter. The main air passes for ~ 
both downcast and exhaust are 5-1/2 by 11 feet at each end of the mine. The 
1775 haulage level is 8 by 9 in section. The fresh air flows along it and is 
distributed up 6- by 6-foot raises-to the siusher drifts, past the slusher 
operator and the draw holes, into 6- by 6-foot exhaust raises which have con- 
trol doors at the slusher level. The 6 by 6 raises collect into the 5 by 7. 
intermediate level over a distance of 1,400 feet, go up a 5-1/2 by 11 raise to 
the 1500 level,. and through 1,754 feet OF 7 by 8” untimbered drift and 396 feet 
of 7 by 7 timbered drift, lagged smoothly on the insides. 


Secondary fans, both air-driven and electric, ‘in sizes rain 5 to 15 hp., 
are used in development headings. The ventilation pipe is 15-1/4 inches diam- 
eter of 16 gage black steel. The tubing is 12-inch diameter, made of DuPont 
No. 1A cloth, with double suspension sean. 


FIRE HAZARDS 


The only fire hazards in the mine are the two shafts, one of which is 
kept wet aS much as possible to keep the hazard down. Smoking on the shaft 
stations is prohibited. Concrete and steel fire doors have been installed on 
all shaft stations to confine and smother any fire that may start. Fire hose 
and nozzle are kept ready for any emergency in the No. 2 shaft station, 1500 
level. : 


The inclined shaft is not as well-protected as the vertical shaft; but © 
there is much less timbering, and the foot wall plates and dividers are always 
wet and could not burn. There is very little timbering in the drifts that 
might burn, and the ore does not have enough sulfide content to burn. There 
are three-escapeways from the lower levels of the mine - two shafts and a 
ventilation raise. Instructions are posted underground at the shaft stations 
stating what to do in case of fire. | 


‘SAFETY METHODS 


A full-time safety engineer is responsible for all mine safety under- 
ground. Each month a safety committee, consisting of the safety engineer, 
two miners,and a member of the engineering staff, inspects all parts of the 
mine and reports on all unsafe places and practices. The State mine inspector 
also makes periodical visits to the property and is accompanied by part of the 
mine safety committee to all parts of the mine. The mine foreman carries out 
the recommendations of the safety committee and inspector. Every 2 weeks the 
safety dogs in the No. 2 shaft are checked to see that they are in good work- 
ing order. The hoisting ropes are kept well-lubricated and the ends cut off 
periodically to keep them in the best possible condition. 


Each year, first-aid instructions are given 4 hours a week for a month, 
or 16 hours total. After this instruction, the class is tested by the Bureau 
of Mines first-aid field man, and first-aid certificates are given to those 
who pass the examination. 


Miscellaneous data pertinent to the drilling and mining operations at 
Holden are shown in tables 1, 2, 3, 4, and 5 appended to this report. Also 
in the appendix are graphic charts (figs. 18 to 24), showing the record of 
man-hours and powder used per ton of ore drawn from various stopes. These 
tables and charts are self-explanatory. 


. — 


Pr - 


Google 


I.C. 74k8 | 


TABLE 1. - Rock-drill air consumption and drilling-speed tests 


) 2 oF Ave. free. 7 
No. of . | air per Drilled Working 
drills | Piston inch drilled, per Air/min., pressure, 
tested Machine - - type size, in. cu.ft. min., in. cu.ft. lb. /sq.in. 
~ 19 £xa" - drifter 3- 1/2 25.1 B.5 188 76.5 
3 "B" - drifter 3-1/2 | 25.6 8.3 205 1339 
18 "“C" -.stoper. ae 35.0 . 6.1 . 196 73.0 
1 "D" - stoper “1/8 177 9.5 150.5 84.0 
1 "E" - stoper 20.4 94 186 79.5 


"B" used in haulage drifts in very hard ground. Other machines are 
in general and miscellaneous use. 


TABLE 2. - Diamond-drill air consumption and drilling speed 


Static air Working air Air per min. Speed of Air per inch 


pressure, pressure, corrected, drilling, drilled, 

Drill O. lb./sg.in. 1b,/sq.in. cu.ft. in./min. cu.ft. 
A" “So. 1 182. 2.9 3.0 
pn / g8 87 164.9 3.5 47.1 
nonl/ 83 20 131.2 3.6 36.5 
"prT/ | :) 80 131.8 4.7 28.0 
Averages 85 ~ 820 150.1 3.9 43.8 
npne/ 80 79. «(162.7 2.9 56.1 


1) 1- 3/16-inch hole. Plugged bit. 


2/ Core drilling (EXE). 
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TABLE 4. - Labor wer, and supplies per ton hoisted Holden mine 
| January 19h” to August l, 1946 


Tons broken - 264 , 765 


Labor (M H/ton) 


Breaking 
Drawing 
Timbering 
Mucking | 


Haulage and Hoisting 


Trans 


Supervision 
General 


Total labor underground 


Average tons per man-shift 
Underground labor, percent of total cost 


Development, 
_—MH/ton 


Man-shifts per day on surface, chargeable 


to underground operation 


Power and supplies 
EXPLOSIVES... .cseceseseceee eld. /ton 


Timber, bd. ft. per ton 


POWEY avecccccccresoces mw “hr. /ton . 
Air comp. | 
Hoisting 
Pumping 
Ventilation 
Lighting . 
Slushing 
Miscellaneous 


Contract diamond drilling and loading, percent 


Percentage of Other supplies to total supplies 
Supplies and power - percent of cota cost 


2146 


Google 


eG. 


Mining, 
MH/ton_ 


Tons from stopes - 342, 885 __ 


Total, 
0.0451 
+0615 


I.C. 7448 


TABLE 5. - Development footage per ton 


| 1939 | 1940 | 1941 | 1942 | 1943 | 19 1945 
Tonnage Grawn...seeeees (597, 107] 587, 729 (685 , 903! 715 , 806] 720,240] 756, 331/618, 927 
Current dev. footage...| 6,650/ 11,068] 12,561} 10,008} 8,921] 3,766] 2,566 
feet per ton drawn...{ 0.012] 0.017| 0.019} 0.014] 0.013} 0.005) 0.004 
Stope dev. footage.....}| 6,654! 12,001] 12,923] 9,165] 12,452! 12,363] 2,674 
feet per ton drawn...} 0.012} 0.028! 0.019] 0.013} 0.017! 0.017) 0.004 
Exploration footage....! 5,312 6,725 | 5,123} 1,232 - - - 
feet per ton drawn...{ 0.010} 0.010; 0.008) 0.002 


Cu.yd., in linear ft...| - - | 6,394} = 2,709! 2 , 387 851 
Total footage.......s.- : 18,616 29,872 | 37,033} 20,405 2h 0821 18,617} 6,092 
Total ft. per ton drawn} 0.034} 0.045! 0.054! 0.0285] 0.033} 0.025) 0.010 


Man-shifts dev. crew... - ~ i 33,215] 21,931} 24,6501 17,034; 6,466 
1.11 0.93 0.98 1.Q9 0.94 

Prod. and gen. crew - 

man-Bhifts...c ccesece 8 


Footage per man-shift | - - 
| 


Total underground crew 
mMan-Shifts..cwccoceces 


4h 088 


| 

Z " | 48,312] 26,269 — 27,054) 22,954 
| 
| | 
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